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Abstract 
Many cells use diffusion in calcium concentration transmits messages in the form of chemical signaling. The diffusion of calcium 
provided numerous results influx of calcium in the cytosol and bind with buffer by pump. In this paper, the model incorporates 
the physiological parameters like diffusion coefficient, excess buffer etc. Appropriate boundary conditions have been framed.  
Finite element model using two-dimensional triangular ring elements has been developed to study radial and angular calcium 
diffusion problem in neuron. Computer simulation in MATLAB 7.11 are employed to investigate mathematical models of 
reaction diffusion equation, the details of the implementation can heavily affect the numerical  solutions and, thus, the outcome 
simulated on Core(TM) i3 CPU M 330 @ 2.13 GHz processing speed and 3 GB memory. 
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1. Introduction 
The mount of the cytosolic Ca2+ concentration is skilful by influx through the plasma membrane and release of 
Ca2+ from intracellular stores like the endoplasmic reticulum (ER) into the cytosol. Another important element in 
Ca2+ handling is buffers. Buffers are proteins binding most of the Ca2+ in a cell (up to 99%). They are present in the 
cytosol. Depending on their diffusion features, buffers are considered as mobile or immobile. The rate constant of 
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Ca2+ binding and fast dissociation rate covers the wide range from slow and fast buffer. The calcium signaling in 
neurons is regulated by various bio- physiological processes like diffusion of calcium, reaction of calcium with 
buffers, channels, receptors, gates and pumps etc [1, 2, 3, 4, 8]. Most of the theoretical investigations on calcium 
diffusion in neuron reported in the literature are for very simple cases in one dimension incorporating diffusion 
coefficient and various buffers [7, 9, 19, 20]. These investigations are reported to be carried at by analytical methods 
and finite differences and finite volume [15, 16,]. Very few investigations are reported for two dimensional cases 
and that too for very simple situations. Some researchers have employed finite element methods for such studies [5, 
6, 7, 17, 18]. But for more realistic study one has to incorporate more details of physiology, structure and processes 
involved in order to study the calcium dynamics in neurons. In view of above an attempt has been made to develop a 
two dimensional finite element model for calcium diffusion in a neuron cell for a steady state case, involving excess 
buffers. The triangular ring elements have been employed to obtain the solution. The mathematical model and its 
solution are presented in the next section below. 
2. Mathematical Model 
The basic mathematical model of calcium transport in neurons leads to a reaction diffusion equation as given 
below [10, 13]: 
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Where [ ]B
∞
 and [ ]Ca
∞
 are the buffer concentration and calcium concentration respectively. Assuming neuron 
of circular shape it has been divided into 64 triangular ring elements as shown in fig 1 .The centre of circle is at
( 0, 0)r θ= = and radius of circle is 5r mμ= .  
 
 
Fig 1 Finite element discretization of the cytosol, small black circle at node 25 corresponding element ‘32’ and ‘40’ represents the point source of 
calcium  
Source
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The point source of calcium concentration is at ( 5, )r θ π→ → . The boundary condition can be taken as [11, 
12]: 
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At the another boundary far from the source it is assumed to remain at background concentration of [Ca+2]
  i.e. 
0.1 μM 
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The discretized variational form (1) for point source of equations (2) to (5) is given by:
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Here, we have used ‘u’ in lieu of [Ca2+] for our convenience, e=1, 2....64. Also the second term (ȝ
 (e) =1) for e=32, 
40 and (ȝ
 (e) =0) for rest of the elements. The following linear shape function for the calcium concentration within 
each element has been taken as [11]:   
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From equation (7) we have, 
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Where, ( ) ( ) 1e eR P −= . Substituting ( )ec  from equation (7) in equation (8) we get, 
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Now, the integral ( )eI can be in the form 
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On substituting values of equations, we get, 
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The integral I is extremized with respect to each nodal calcium concentration ui (i=1, 2.....40). This is gives a set 
of linear algebraic equations as given below.  
   40 40 40 1 40 1
X u Y
× × ×
ª º ª º ª º=¬ ¼ ¬ ¼ ¬ ¼                     (16) 
Here, 1 2 40..............u u u u=  X  are the system matrices, and Y  is system vector. The Gaussian Elimination 
Method has been used to obtain the solution. A computer program in MATLAB 7.11 is developed to find numerical 
solution to the entire problem. The time taken for simulation is nearly 2 minutes on Core(TM) i3 CPU M 330 @ 
2.13 GHz processing speed and 3 GB memory.  
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3. Results and Discussion 
The numerical values of physical and physiological parameters used for computation of numerical results are 
given in Table 1:  
Table 1. Values of physiological parameters  
 
 
 
 
       
 
 
 
 
In fig 2(a), 2(b), 2(c) and 2(d) calcium concentration is shown with respect to angle and radius. As expected at 
the source calcium concentration label is higher at low amount of buffer concentration. Free calcium concentration 
label is decreases as buffer concentration increases; the calcium concentration is decaying in both directions. As 
increase the amount of buffer in fig 2(b), 2(c) and 2(d) buffers react with more free calcium ions and make calcium 
bound buffer. Since free calcium ion is called second messenger, due to less amount of free calcium ion nerve 
impulse may not able to transmit from one neuron cell to another neuron cells. Thus buffer has significant effect on 
cytosolic calcium concentration label. 
 
 
Symbol Parameters Values 
DCa Diffusion Coefficient ૄm2/s 250-400
km (EGTA)  Buffer association rate (Exogenous buffer) ૄM-1 s-1 1.5
km (BAPTA) Buffer association rate (Exogenous buffer) 600
[Bm] Buffer Concentration ( ૄM) 50-100
[Ca2+]
 
D
Background Ca2+ Concentration ( ૄM)
Average 2Ca +  concentration  ( )Mμ
0.1
1.688 
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Fig. 2(a), 2(b), 2(c) and 2(d), Effect of buffer concentration on radial and angular distribution of calcium in neuron 
 
 
Fig. 3(a), 3(b) and 3(c) Radial and Angular distribution of calcium concentration in neuron for different values of flux 1 , 3pA pAσ σ= =  and 
5 pAσ =  
In fig 3(a), 3(b) and 3(c), the effect of increasing the value of source amplitude (flux) on cytosolic calcium profile 
is shown. As source amplitude is increased by three (fig 3(b)) and five (fig3(c)) times more free calcium ion inters 
into the nerve cell and calcium concentration level is increased at source compare to the fig3(a). Due to high calcium 
concentration level the vesicular calcium signalling takes place and the nerve impulse move from one neuron to 
another or in the synapses. Compare to the effect of buffers the flux has opposite but significant effect on cytosolic 
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calcium concentration in neuron cell.  
 
Fig. 4(a) and 4(b) Radial and Angular distribution of calcium in neuron cell for different values of EGTA and BAPTA 1.5EG =  and  
600BAPTA =  respectively 
In fig. 4(a) and 4(b), the effect of two chelators EGTA and BAPTA on free calcium concentration level is shown. 
Since EGTA which is a very slow calcium chelator. It is observed from the fig 4(a) that the highest calcium 
concentration is 1176 ȝM, in another case BAPTA has high affinity to free calcium concentration level fig 4(b) the 
highest calcium concentration is 20 ȝM. Due to high affinity of BAPTA more free calcium ions react with buffer 
(BAPTA) and makes calcium bound buffers compare to the EGTA. Both exogenous buffer has significant effect on 
cytosolic calcium concentration. Both buffers control the free calcium level in own way, which has the different 
impact on signalling process.    
 
Fig. 5 Radial and Angular distribution of calcium concentration in neuron for different geometries coaxial circular 
sector elements and ring elements 
In fig 6 solution of the model is compared with two different element information coaxial circular and triangular 
ring element. We found that solution behaviour using triangular ring element is similar to coaxial circular element. 
Due to more number of element in triangular element more clarity is found solution.  
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4. Conclusion 
The model developed here gives us information about the buffers (proteins), source amplitude and diffusion 
coefficient on calcium concentration. Amount of buffers and different affinity of buffers (EGTA and BAPTA) plays 
very import and significant role in signalling process in nerve cells like neuron. The source amplitude increase the 
cytosolic calcium concentration level, thus it may cause for the rapid signalling process. If the free calcium 
concentration level goes high then it becomes toxic for the nerve cells. The triangular ring elements used hare give 
us better results in comparision to coaxial circular sector elements. The triangular elements approach is more useful 
for modeling the geometry and non homogeneity as compared to coaxial circular sector elements. However the 
amount of computation involved will be more in case of triangular ring elements as compared to that in coaxial 
circular sector elements. The finite element method is quite good, flexible and powerful in dealing such problems 
and gives useful results in two dimensions.  
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